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Abstract— The lack of deployed wave farms meangirect function of both incident wave periods and wave heights
measurement of the effects ofave Energy Converter WEC) addition to estimating potential environmental effects, the
arrays on nearfield and nearshore wave propagation is not gNL-SWAN ocode outputs WEC power at each location, and

possible As a result, environmental impacts of wavefarms are 4 e ysed for preliminary wave farm optimization.
largely determined through simulations usingnumerical wave

models Sandia National Laboratories has develogd the SNL- Il. BACKGROUND
SWAN code, an open source wave farntode that has been .
modified to more accurately model WECs by accountingfor Due to the lack of deployed wave farms, and the desire to

device specific power performanceThe work presented in this understandpotential environmental effectshere has been
paper demonstrates the development, verification, preliminary extensive work on the modeling of wave farms by the wave

validation, and application of the SNL-SWAN code. energy community.Folley et al. providd a comprehensive
overview of the different numerical approachesnodel wav
Keywords— wave energy, wave farm, WEC array, spectral farms and weighs their strengths and limitatior{8]. Listed
models open source by Folley et al.2012as the numerical approaches to model
wave farms are: potential flow modelBoussinesq/nhil-
[. INTRODUCTION slope wave models, spectral wave models, @RD models.

In order for ocean wave energy to become a commerciaiffoch et al. 2013 ran wave tank experiments of a 25 WEC
viable technology, wave energy converters (WECs) wilTay, measuring the device response and resulting
necessarily be deployed in wave farms, or arrays of multipfaodifications to the wave field as part of théECwakes
WECs. It is likely that these wave farms will consist of tens dproject[4]. Carballoard Iglesias 2013erformed wave tank
hundreds of WECSs, Wi the potential for affecting nearshore€xperiments o the WaveCatto determine the transnsisn
wave propagation and circulation; thus m0d|fy|ng Sedimerﬁnd refection coefficients fO(base“ne)SWAN simulatiors
transport patterns. Due to the lack of deployed wave farmi®]. These SWAN simulations were used to assess the
direct measurement of the effects of WEC arraysearfield ~ environmental impact of deploying a wave farm of 12
and nearshore wave propagation ist rpossible. As a result, WaveCats off the coast of Spaismith2012et al. analysed
potential environmental effects must be evaluated usif§e impact ofwave farns deployed at theNaveHub site
numerical modeldo assess potential environmental effectsUsing a modified version of the SWAN code accounting for
SNL-SWAN (Sandia National Laboratories Simulating the frequencyand directionatlependent energy extraction
WAves Nearshorefl] is a version of theTU Delft spectral 0of WECs [6]. Silverthorne and Folley 2011 implemented
wave model SWAN?2], modified to include a WEC Module Mmodificationsin TOMAWAC to account for the frequency
for better modeling WECS, and thuswave farms SNL- anddirectional dependent energy extiant of WECs[7].
SWAN improves the capability to estimatearfield and Recently DNV-GL developed the commercial code
nearshore wave climate pactsdue to WECs, by accounting WaveFarmer d model wave farmg8]. The WaveFarmer
for device specific power performange the codeln SNL-  Planning tool uses both tirgomain and spectral approaches
SWAN, the amount of energy extracted at the WEC locatiol@ model wave farms, where the tirdemain method
is determined from usesupplied WEC power performance implements WaveDyn, and theesjtral method moéies the
data. Using the WEC module, the WEC's energy exwacti (Pagline) TOMAWAC codeto account for the frequency
can be applied based on the WEC power performance dats28€l directional dependent energy extraction of Wisls
the peak period, as a function of incident wpeeiods, or as a With the exception of WaveFarmer, none of the
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aforementionediumerical approaches have been validated fluence on neafield and farfield environmental effects.
comparison towave transformationthrough wave farms None of these factors areaptured in the baseline SWAN
observed in a controlled or open ocean environm&hé formulation.To address thishortcoming modificationswere
modifications made to the SNEWAN code are unique in made to SWAN v41.01 (referred to as SNEWAN) to
that they have been extensively verified throumgimerical improve modeling of WECs will be described in the following
comparison, have been compared to experimental array tesdstion.
and the code is freely available to the open source
community through GitHuliL0]. IV. SNL-SWAN CODE MODIFICATIONS
As a follow on to the preliminary work on SNEWAN The development of the SNEWAN code was done
development presented at EWTEC in 2Q13], this paper iteratively by modifying the SWAN v41.01 with increasing
will provide an overview of the development, verifioatiand feature complexity The result of this effort iselease of the
application of the open source SMIWAN code. First the SNL-SWAN v1.0open source codavailable on GitHulj10].
baseline SWAN code and SNMEWAN code modifications The description that follows is in reference to the v1.0 release
will be described. Then a comparison of the SBUWWAN code version, and does not include feature additions planned for
to related spectral wave models with a WEC compof@nt future releases (this is covered in the future work section).
[12], and to experimental data will be given. Finally, SNL-SWAN v1.0 ircorporates a WEC Module with five
application of SNESWAN in an open ocean site will bedifferent options(referred to as OBCASEhat modify the
presented. baselines SWAN OBST@BLE formulation a summar of
which is shown inrablel. The first option, OBCASE 0, is the
IIl. BASELINE SWAN CODE baseline SWAN OBSTACLE formulatiprdescribed in the
Simulating WAves NearshoSWAN) is anopen source previous sectionThe other four options have modified the
third-generation wave model, developed at Deélfiversity of baseline SWAN OBSTACLE formulation to calculate the
Technology Basline SWAN modelswave transformation to transmission coefficient, lefined in Eq. (1), based on user
shore accounting for bathymetry, and physical processes sdefined WEC power performance dataBCASE 1 and 3
as shoaling, refraction, current, bottom frictitwy solving the calculate K> based on a usefefined power matrix, and
wave action balance equation with sources and siiks OBCASE 2 and 4 calculat&? based on a usetefined
more information on the theory behind SWAM1.01, refer relative capture width RCW) curve. Power matrices and
to the SWAN manualR]. RCW curves were chosen as the methods to define WEC
To model WECs in baseline SWAN, the OBSTACLBpower performance because they amgtricscommonly used
feature isused The SWAN OBSTACLE is defined by a line by industryto assess WEC performance
crossing between two grid points, with a transmission

.. - .. Tablel - Summary ofSNL-SWAN WEC Module options
coefficient, K., and a reflection coefficient, K The

transmission coefficient acts a® energysink in the wave | OBCASE _ DESCRIPTION
action balance equation, extractindraction of the incident 0 Baseline SWANormulations using constaig
wave energy, as shown g (1) value, specified by usén INPUT file.

1 WEC power matribusedto calculatek?, appliedas a

1 constant value across all frequencies.
(— + (Dyq + Dyp)eti i+ Dy + Dyyz)c;_i”]-) N 5 WEC RCW used to calculai€?, applied as a

At - constantalue across all frequencies.
WEC power matrix used to calculd@, applied as g
1) 3 unique value at each binned frequency.
WEC RCW used to calculai€f, applied as a uniqus
value at each binned frequency.

N~
- Alt] - Dx,1(Cth,12N)J:r

_Dy,l(Cth,lzN):—Lj - Dx'z(cth'ZZN)iJ'—l 4

_ 20\t _ o+
Dy,z (Cth.Z N)i,j—l - Sl‘J‘

i-1,j

The difference between these options is hio&y calculate
The limitation of using this approach to model WECs &nd apply the transmission coefficients. For OBCASE 1 and 2,
that the SWAN OBSTACLE formulation extracts a constatiie transmissiorcoefficient is calculated based on the WEC
amount of energy from each incident wave period (or binnpdwer performance at the peak wave period of the incident
frequency).In reality, WECs are designed to extract moneave climate, Tp, and applied as a constant transmission
energy at some sea statesd dess at other Additionally, coeficient across all binned frequenciésr OBCASE 3 and
WECs areoften controlled to maximize the energytraction 4, the transmission coefficient is calculated based on the WEC
by tuning the WEC energy conversation with incident waymwer performance at each of the binned incident wave
climate[13]. Due to the variety of existing WEC techagles, climate frequencies, and applied as a unique transmission
there is significant variation in the power performance obefficient at each binde frequency. Figure 1 shows a
different devices due to factors such gswer rating, conceptual comparison of the difference between OBCASE 2
bandwidth, directional dependencend control[14]. All of and OBCASE 4.For OBCASE 1, the resulting spectrum
these factors influence the energy extraction of WECs, gistitown in red) is the same shape as the incident spectrum
thus the transformation of waves through WEC arrays afshown in black) because they apply a constant extraction
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term across all frequencieslternatively, for OBCASE4 the definition of the ratioof transmitted significant wave height,
resulting spectrum (shown in blue) does not match the sh&pg; to incidentH,o; to be calculated for each spectral
of the incident spectrum. This is because a different amounfrefjuency in a particular SWAN run. The power transmission
energy was extracted per each binned frequency. coefficient at a given frequency can be calculated from the
The modifications made to SNEWAN allow the code to device response function, i.e. the varying power capture of the
calculate realistic energy extraction terms based on existawyice with frequency, via a power transfer function (PTF)
WEC power performance data, atgl address changes incurve, which defines the proportion of extracted, or absorbed,
spectral shape due to WEC power extractidre implication power at each frequency. The proportion transmitted by the
of the code modificationssithat wave farms will be moreobstacle is therefore calculated a®TF(f). Since power is
realistically modelled, resulting in more confidence in thgroportional to the square of b the SWAN transmission
observed environmental effecfeom deployment of WEC coefficient at each frequency, (R, is calculated as €1
arrays PTF())’>. In practice, the PTF is equivalent to the SNL
; _— SWAN relative capture width, with the kejfference in the
i . Ches aBew SNL-SWAN usage being that relative capture width is defined
! =% as a function of wave period rather than frequency. Results

" i . . i o obtained using EMS should therefore be equivalent to those
! found using SNESWAN OBCASE 4.
. L : This equivalence was testéal a direct comparison study

ET % : between the two codes. Tests were run over a 2000 x 2000m
deepwater grid with 100m resolution to compare the basic
functionality of both codes. A barrier was established from
north to south along the centre line of the gficansmission
characteristics werapplied,with full transmissionk{; = 1) at
all frequencies except four, where total blockage was applied
(K= 0).
= 4 The output spectra at a location 100m behind the centre
point of the barrier are shown in Figuréo2 both codes. As

Figurel —OBCASE conceptual comparison visualization would be expected, the resultant spectral densities, S(f), at the
frequencies where transmission was set to zero are also zero,
N ) . or very close to it. A visual assessment indicates-near

A critical step in any code development project igentical results obtained with the two codes. The differences
verification and validation. This is especially true for codgg the spectral densities between the codes were calculated
such as SNASWAN that areused to modeWEC arraysand  and illustrated in the third plot Figure 2to ascertain their
predict environmental effects in lieu direct measurements extent. Although small, differences are seen at frequencies of
from wave farmdeployments. In the following sections, 9.0902Hz, 0.0988Hz, 0.1295Hz and 0.1418Hz. These are the
description of SNESWAN verification by comparison 1o frequencies where the transmission was set to zero in the EMS
related spectral wave models will be given. Additionallyygse. When the RCW curve was constructed for the- SNL
preliminary validation of the code will be presented byswaN case, the frequencies were converted to periods and
comparison of SNASWAN simulations to the WEC @y these were then interpolated by SSWAN, leading to the
experimental data gathered by Columbia Power Technologi@ga|| differences.
at Oregon State Universifg5]. These results indicate that the two modified versions of the
code are providing the same functionality, despite the
different implementations.
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V. VERIFICATION AND VALIDATION

A. Code-to-code Comparison

An earlier modification to SWAN to enable frequency
dependent energy absorption was implemented by
University of Exeter in 2008. The modified code, Exet¢
Modified SWAN (EMS), incorporates an optiona .
enhancement to the OBSTACLE command in SWAN. Tt
modified command, OBSTACLE WEC_OMNI, allows the |
energy transmission to be defined at each spectral frequel & 3|
thereby permitting variable energy transmission across !
spectrum.

A more detailed description of the code modifications ci
be found in Smith etl., 2012. However, one of the key ‘ra&iivini=mms  “imoio 1205030 0001 0150200303
(élltf/lesrerri(éess %etmeeenrg:)?elgneﬂ; Tg;]tact)lfontie()f \%ﬁg agr?er Figure2 —SNL-SWAN and EMS_runs vv_ith/withou_t anbstacle(_obstaclmas

e ) al blockage at four frequencies/periods dnBifferences in the results
transmission through an obstacle. EMS requires a powefiveen the two codes are shown in the third ploth postive values
transmission coefficient, defined as per the stand&vI$ indicating larger spectral densities obtained using EMS.

———Zaro Fregs
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B. Experimental Comparison Results are shown iRigure 4for each sea state, and the black
Performance of SNISWAN is validated through dashed line in the top left panel shows the transect location for
comparison to the experimental array tests of the ColumBj@detdata comparisonThe RCW curve used in these
Power Technologies’ (ColPwr) Manta 3.1 WEC devic@mulations, and which was determined spectrally as a result
performel atOregon State University’s Hinsdalirectional of the tialsis shown in relation to the six sea state§igure
Wave Basin(DWB). The WEC array experiments consisted- 1he RCW curve and the spectra have been normalized by
of trials with up to five, 1:33 scale “Manta 3.1” WE@mored the maximum values for simplicityt this stage of analysis,
in the in theDWB. Arrays of 1, 3 and 5 WECs were teste@nd due to the size of the statistical error bars associated with
with a variety of waveconditions, in both regular waves andh® measred wave spectra, the incident wave spectra input to
with representative wave climates. Information on theS¥VAN is the parameterized PM shape with the target peak
experiments is available in greater detail in Haller 2011 ap@riod of the wave tank experiments. The experiments
Porter 2012In order to compare the numerical results frof@rgeted the PM spectra, and analysis has shown that the
SNL-SWAN model directly to experiments Directional measured spectra are of similar shape and peak period.
Wave Basin model domain was developed from measul L L A
bathymetry and basin dimensions. Data output from t
numerical model trials can be compared to data points at
locations of the wave gauges used in the experiments,
Figure2.

[ @ WECLowations ©  Wave Gage Locations |

Model Domain
1.5

A OR3

Spectral Energy/Device Performance

Depth (m)

Along-Shore Dist ()

Wave Period (Seconds)

| === RCW Curve m— Parameterized Spectra ‘

Figure4 - RCW curve(greendashejl and normalized incident parameterized
o wave spectréblack)used in the SWAN simulations of tB&VB trials.

0 5 10 15 20 25 30 35
Cross-Shore Dist (m)

Investigation of the data set showed variability of measured
incident and lee (downwave of array) conditions. This

This validation effort focuses on six sea states witxperimental comparison investigates development of a
directional spreadin enabled (s = 4), for the-\WEC array validation procedure to incorporate measured wave variability
arrangement due to the highest sigioahoise ratio in the data.lncorporating variability of incident wave conditions is
These sea states are summarized beloWalrie Il. Previous necessary to provide a rangiepossible incident conditions to
work has shown that with directional spreading enabl&WAN, so that the validation procedure can incorporate such
SWAN simulates the shape of the apparent wave shadeawiability. That is, if the incident wave conditions in SNL
(reduction in wave heights) due to the presence of a singM/AN are not incorporating any potential variations, the
WEC approximately the same with diffraction on, as wittesults will not either.

Figure3 - Numerical Modelling domain with wave gage locations overlai

diffraction off[16]. In these model simulations diffraction was H —|° T T
not enabled. i i ) y
1 o e - e
Tablell - Experimental Sea States B " - 1 - s £
5| ml - > 5
Sea | Directional | Hs Target | Tp target | Hs Target | Tp target B - - = - i " P o
State | Spreading | (model) | (model) (field) (field) L H = * g
HI Off, On 45cm | 1.22sec| 1.5m 7 sec * ‘ £y - " 2
OR2 | Off, On 7.6cm | 142sec| 2.5m 8.2sec g _ l, . £
OR1 | Off, On 4.5cm 1.62 sec 1.5m 9.3 sec 2 A 5
IR_| Off,on | 10.6cm | 1.62sec| 3.5m 9.3 sec - R . " g
OR3 | Off, On 76cm | 1.82sec| 2.5m 10.5sec P - A " i c 8
OR4 | Off, On 7.6cm | 222sec| 25m 12.8sec . fi " - i ®
i 25 -25 25

For each of these trials WECs were simulated using Switch
4, as the RCW curve for the Manta 3.1 was provided by

ColPwr. A power matrix was not generated during these te$igure5 - Modelled change in wave height (darker colours indicatelema
wave heights) for the six sea states of interest.

Cross Shore
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Figure6 - Measured (triangles) and Modelled 95% confidence (gashel lines) wave height transects.

This work attemptsconsider both the variability of thewave height. Model results show the anticipated degree of
measured incident significant wave height, and the variabiligve reduction due to power absorption by the WEC. In this
of the measured significant wave height in the lee of the arragse, the SNISWAN absorption option selected was Option
Because for each of the lee gage8 frials (data points) of 4, so the spectra are modified by a different amount at each
matching sea state conditions are available for tWeE& frequency bin. In sea states OR1, OR2,30Bnd OR4, the
array size, this analysis will consider the minimum and tliegree of wave height reduction is reasonably similar in-SNL
maximum measured significant wave height at each gage.SWAN as in the experimental data, considering the range of
presentto minimize array effects on the measured incidemqossible incident wave conditions. In the Hawaii case (HI),
wave conditionsand because limited empty tank trial testthe wave shadow appears to be under predicted, which may
were completed,the measured incident significant wavéikely be due to short wave scatteringy, tank limitations,as
heightare extractedrom identical trials with 2WEC in the waves are shortest in this wave climate. For case IR, the
water, as the ones compared to with 5 @&5n the waterFor largest differences between incident wave heights for the 1
each sea state, the 95% confidence significant wave heMtEC and SWEC cases appears to have occufredt shown
was determined based on data from the seven incident wagee). Thismay influence tb comparison of wave heights
gages over several trials (i.e., 7 gages, 3 trials, 21 data poifte)ween model (forced wigmarameterizeéhcident conditions
In this way the incident wave conditions inpat E8WAN in 1-WEC cases), and measured (durinVeC cases). In
bound the 95% confidence values for the incident wave heightnmary, for the sea states with higher measures of

Using this procedure a@omparison of modelled waverepeatability between 1 and-VBEC trials, SNLSWAN
heights to measured wave heights is shown along the lee geigrilates, near and within the 95% confidence level f
transectin Figure5, which is located approximately 5 WECincident wave conditionghe wave climate in the lee of the
diameters down wave of the edge of the average positionJEC Array trials with thisDWB/ColPwr data set
the WEC arrayThe xaxis in this figure is longshore location
relative to the side of the wave basn the yaxis is te  VI. MODELING OPENOCEAN WAVE FARM WITH SNL-SWAN
percent change as compared to the average incident wav&n overview of the application of the SNEWAN codeto
height. The triangles represent the minimum and maximunodel a possible wave farm deployment site in Monterey Bay,
recorded wave heights for gages in the lee array for the giv@h is presented. An SNBWAN modeling sensitivity study
sea state and-W/EC array.In some cases, the minimum andvas conducted to evaluate the effects of WEC and WEC array
maximum are equal due only one trial being conducted forcharacteristics on nearshore wave propagation. A total of 288
the given sea state and buoy arrangenteet the up and model runs wereconducted using SNBWAN switch 1,
down triangles are plotted atop each oth&he wide dashed switch 2, switch 3, and switch 4, in which WEC device type
lines are model results for the +95% confidence interjak], number of WECs in a WEC array, and WEC spacing in
incident wave heightsnd the dotted Imfor the-95% an array were varied accordingTable3. An additional set of

The model results Figure5parameterize a range of likelybaseline modeiuns was conducted without WECs
wave shadowingonsidering measuredariability of incident
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Tablelll - SNL-SWAN model sensitivity analysis parameters

Simulated wave heights decreased by up to 30% when
comparing model runs with and without WECs. The largest

WEC type
1 Smallbottomreferenced heavi?]/z buoy (5 m*) decreases in wave height oomd when modeling an array of
2 Bottomfixed heavebuoy array (5 m) 100 bottordfixed oscillating flap (BOF) devices regardless of
i Eg;‘t’igif:;gfgys:ﬁgf{gerg)hea“my‘ (7:m) device spacingHigure 7. The BOF device power matriwas
5  Floating threebody oscillating flap device (9.5 m) optimized for the modeled incident wave parameters as
6 Floating twebody heaving convert¢20 m) compared to the other modeled devices. Less than 15%
7 Bottomfixed oscillating flap (26 m) differences in wave height in the presence and absence of
8  Floating oscillating water column (50 m) WECs was determined for the other seven WEC device types.
Number of WECs The smallest percent chanigewave height from baseline

; ég was found for the 5 m WECSs. The largest WEC, the floating
3 100 oscillating water column, did not result in the greatest

WEC spacing x diameter (centercenter) reductions in wave height because its power matrix was not
1 4 optimized at the incident wave height and period. kv,
g g decreases in wave height were observed over a larger area

along the shoreline due to the WEC's larger size. As expected,
wave height reductions were largest in the lee of the WEC
array, along the WEC array centerline. Model output locations
to the west and east showed negligible changes in wave height

) . when compared to the baseline scenario.
The model domain boundary wave conditions were

determined from analysis of historical National
Oceanogrphic and Atmospheric Administration National
Data Buoy Center (NOAA NDBC) wave climatology records
in Monterey Bay, CA. Initial significant wave height JH
peak wave period (], and mean wave direction (MWD) were:
Hs=1.7m, T =125 s, and MWD = 205br all 288 model
runs. Note that the median wave direction calculated from the
Monterey Bay NDBC buoy is 299°; however 205° was chosen
such that wave shadowing effects for wave propagation to the
Santa Cruz, CA coastline were minimized.

SNL-SWAN sensitity analysis results included
propagated wave heights, periods, and directions at all grid
points within a nested model domain along the Santa Cruz,
CA coastline. Additionally, model results were outputted at 18
specific model output points along the 3028, m, and 10 m
depth contours in the Santa Cruz model domain. Sensitivity
analysis results were evaluated in terms of percentage change
from baseline, where baseline is model results in the absence
of WECS; only wave height results are considered here.

Decreases in wave height were most sensitive to WEC
power absorption as a function of incident wave height and
period. This sensitivity was reflected not only in WEC device
type model runs but also model runs that varied the number of
WECs in an array Higure 6). A larger number of buoys
absorbed more power; therefore tlegger the number of
WECs in an array, the more wave height reduction was
observed.

Model results were relatively insensitive to the spacing
between WECs in an array except when the total WEC arFédgpre 7 - Decreases in wave height as affected by variatior@)JrWEC

; ; ; jce type, (B) WEC average power absorption, (C) number dZ3NE a
footprlnt area was considered. When results were norma“‘gﬁy array, (D) number of WECs in an array considering the total absorbed

b)_/ th? array footprint area, wave height reduc;tion_s decreaﬁ@ﬂir, (E) WEC spacing, and (REC spacing considering the WEC array
with increased WEC spacind-igure §. This implies that footprint areaResults are from SNSWAN switch 3 simulations.

closely spaced WECs can result in potentially more decreased
wave heights downstream of a WEC array as comptored
WECs that are spaced farther apart, particularly for output
locations that are directly in the lee of the WEC array.

*The published size is 3 m; 5 m was specified in SSWAN due to
limitations on computational grid size.

“Modelled as obstacles extending throughout the watanuol
“Multi-body WEC modelled as a singular obstacle.
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defined power matrices or relative capturettvidurves. This
functionality can either be implemented as a constant fraction
of energy extraction across all wave periods (OBCASE O, 1,
2), or as a unique fraction of energy extraction at each binned
incident wave frequency (OBCASE 3, 4). The SISIWAN
code has undergone extensive verification by comparison to
similar spectral models with a WEC component, and
preliminaryvalidation bycomparison to experimental data.
Future work on this topic includes further modification of
the SNL-SWAN code to includ: outputting power at each
WEC for unstructured grids, including a WEC frequency
dependent reflection term, and inclusion of binary (on/off)
directional WEC power extraction. To provide input on
additional features added to the SSWAN code, please use
the online questionnaire to provide feedbaBlNL-SWAN
v1l.1l is planned for release in Fall 20Ithe SNL-SWAN
team also plans to further SM&WAN validation by
extending the experimental data comparison to additional
array testing data setfpm wave tanksandbr open ocean
pending availability.
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specified 50 BOF type WECSs with 6 diameter spacing thanks to Ken Rhinefrank and Pukha Leiéehm at
) ) Columbia Power Technologies for their characterization data
In general, SNESWAN switch 2 and switch 4 model runssf the Manta 3.1 WEGnd Merrick Haller at Oregon State

resulted in large decreases in simulated wave height witfynjyersity for his guidance on using the experimental.data
WECs as compared to switches 1 and 3. This is likely due to

data interpolation when calculating the RCW for switches 2
and 4. When comparing switches 1 and 2 versus switches 3
and 4 (i.e. constant frequency versisquencydependent [1]
transmission coefficients), less wave height reduction was
observed when employing switches 1 and 2 as compared to
switches 3 and 4 for smaller WECs (less than 10 m [ij
diameter) with asymmetric power matrices. In other words]
frequencydependent transmission coefficients resulted in
more power absorption for smaller WECSs. In contrast, larger
WECs with symmetrical power matrices resulted in less wave
height reduction when modeled with switches 3 and 4 [aB
compared to switch 1 or switch 2.

Latitude (®N)
H_ diff. (%)

36.916

36.9
122.02

Longitude (W)

121.96

121.99

122.05
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